It remains a vital clinical issue how to diagnose malignant atheromatous plaques consisting of ulcerative plaque and hemorrhagic plaque, which are potential risks for thrombosis and the arterial spasm. This study proposes further investigations to develop methods in order to detect this type of lesions by echocardiography.
In the T1 weighted images repetition time (TR) was 200-500msec and echo time (TE) was 15-20msec. In the STIR images the parameters were TR 1000-3200msec, TE was 20 msec and inversion time (IRM) was 150msec. In FATSUP, the saturation frequency used was varied between 133-200Hz depending on the degree of fat suppression gain. Number of acquisitions was 4-6. We used a surface receiving coil (elliptical spine, Siemens) in the MRI experi- 
RESULTS
We evaluated 16 plaques and 5 normal areas with US, MRI and histology, while the other 13 plaques and 3 normal areas were only evaluated with US and histology because of technical difficulties and space limitations with MRI. US and MRI could evaluate plaque characteristics and wall thickness, however, two MRI images were not of usable quality due to artifacts. US was superior to MRI for measuring intimal plus medial thickness, which is thought to be a good indicator of arterial wall thickness. US image of atheromatous plaques: Normal aorta was revealed as thin three layers with US ( Figure 1 ). Non-hemorrhagic plaque was revealed as a homogenous echo hump (Figure 2 ), and hemorrhagic plaque was revealed as a heterogenous hump with a low echo area in the plaque (Figure 3 ). Ulcerative lesions took on a fissured appearance at the surface (Figure 4 ). Calcified lesions revealed intense ethos with shadows within the plaque. Figure 5 is a diagram of US images of atheromatous plaques. In sum, malignant atheromatous plaques, i.e. hemorrhagic plaques and ulcerative lesions, were distinguishable with high frequency US. Table I shows the relationship between US results and histological results.
The overall accuracy of US was 75.7%, and US was able to diagnose 20 atheromas (80%) correctly as non-hemorrhagic and hemorrhagic atheromatous plaques. Some misdiagnoses of nonhemorrhagic plaques for normal areas were made because the thickening was too slight to notice the lesions. A plaque with a minor hemorrhagic lesion was also misdiagnosed as a non-hemorrhagic plaque Figure 6 . US (upper) and MRI (lower) of local fat deposition in the atheroma plaque. Some non-hemorrhagic atheroma with fatty deposition revealed heterogenous humps with relatively low echo areas (US). FATSUP image shows low intensity area. (Figure 4 ). With the exception of inadequate images (artifact, inadequate examination), the overall accuracy of MRI compared to histology was 85.7% (18/21). Diagnosis of malignant atheromatous plaque with US and MRI: In the normal area, the aorta had a thin wall and a uniform thickness. The endothelial surface was revealed to be a smooth layer by both US and MRI. Non-hemorrhagic plaque displayed an irregular endothelial surface overlying homogenous isoechoic tissue with US, and a rather high intensity signal with MRI. Hemorrhagic plaque displayed an irregular surface with a heterogenous low echo area which was usually detected at the shoulder in the plaque. These low echo areas had high intensity signals under both MRI and FATSUP-MRI.
Presumably the high signal intensity in these low echo regions reflects high hemosiderin and fluid depositions due to bleeding and inflammation. On the other hand, lipid-laden areas showed high intensity for the T1 image but low intensity for FATSUP. Calcification produces high echos with shadows with US and low or zero NMR signal intensity with MRL.
DISCUSSION
The major objective of this study was to evaluate the diagnostic capabilities of high frequency US and MR imaging for the detection of malignant atheromatous plaque lesions, defined as ulcerative and hemorrhagic lesions,12, as they are known to be able to induce arterial thrombo-embolism and arterial spasms.
The most important problem in diagnostic imaging of malignant atherosclerosis is tissue characterization, especially detecting hemorrhage. Hemorrhagic plaque yielded mixed low and normal intensity echos with US (Figure 3 ), and these low echos were usually located at the shoulder portion of the atheroma.
However, some atheromatous plaque with fat deposition was indistinguishable from hemorrhagic plaque with US. That method alone is thus of dubious value for distinguishing between the two lesions, though it is worth pointing out that hemorrhagic atheroma plaque was thicker and usually located at the shoulder portion of the atheroma, while fatty deposition occurred anywhere throughout the atheromatous plaque.
High resolution trans-esophageal US providing information about atherosclerosis of the thoracic aorta is considered valuable for the evaluation of systemic atherosclerotic gradings, which are judged according to pathological grading.14, However, clinically, arterial thrombi and spasm were related to rupture and hemorrhagic episodes of the atheroma plaques.
Another difficulty was the MRI images obtained with the fat suppression technique; Fatty deposition was imaged as a low area, while hemorrhagic plaque appeared as a hump with heterogenous high and low NMR signal intensities. However, MRI had difficulty distinguishing hemorrhagic and non-hemorrhagic plaques, especially small hemorrhagic or small calcified atheromatous plaques.
In intracerebral hemorrhage, heterogenous NMR signals are a sign of the deposition of mixed hemosiderine and hemoglobin forms.16) In this study, we used three MRI techniques: T1 image, short time inversion recovery sequence and a fat suppression technique, to differentiate between hemorrhagic change and fat deposition. These techniques were useful for evaluating hemorrhagic plaque with MRI.
MRI has been shown to assess arterial disease non-invasively. From our results, MRI can image atheroma accurately and is especially reliable for assessing lipid content. This is very useful for differentiating a fatty deposition from a hemorrhagic lesion in the atheromatous plaque, especially since some fat depositions are indistinguishable from hemorrhagic plaque when using US. Conventional techniques have not exploited the chemical shift in the resonant frequency between the hydrogens in water and fat. 17) MRI is potentially capable of identifying the anatomic consequences of atherosclerotic vascular disease. Kamman et al18) reported that formalin fixation causes changes in MR relaxation times. There were visible intensity differences in the MR images, both increased and decreased in comparison to images of fresh tissue. However, there was no fabrication in MR images by the formalin fixation.
Lamont et al19) and Tovi and Ericsson2O) have evaluated the signal intensity changes in formalin fixed tissue as compared to fresh tissue samples, but these differences do not impede identificatio of structures. This is the first finding, to our knowledge, of repeatable measurements by MRI and US which exhibit results inconsistent with each other (Table III) . Potential reasons for this are differences in resolution and that the observers might 
